INTRODUCTION
The Cerrado Biome is predominantly of the type cerrado strictu sensu, a savanna formation composed by the sub-types dense cerrado, typical cerrado, sparse cerrado e rock outcrop cerrado (RI-BEIRO; WALTER, 2008) . The typical cerrado is the more common kind in the biome, appearing on dystrophyc and alic soils, normally incapable of sustaining a vegetation of higher biomass (MARI-MON-JUNIOR; HARIDASAN, 2005) .
The Cerrado Biome is mainly composed of typical cerrado vegetations; but there are also forest formations like cerradões (plural of cerradão) (RIBEIRO; WALTER, 2008) , which normally occur on dystrophyc soils, especially in the belt where Cerrado and Amazonian forest meet (RATTER et al., 1973) . These areas are known as ecological tension zones (ETZ), where the floras of these two largest Brazilian biomes mix along ecotones (IBGE, 2012) .
The maintenance of cerradões on typical cerrado dystrophyc soils is not yet fully understood. Some authors state that cerradões maintain their larger biomass on typical cerrado areas because in the past there were enough nutrients, which are still there because of an efficient recycling system (e.g. HARIDASAN, 2000) . Part of this mechanism of cerradão may be related to the high growth rates, as found by Rossatto et al. (2009) , and also due to the hyperdynamics of the vegetation, which results in high mortality and tree recruitmet (MARIMON et al., 2014) . These hyperdynamics may help in nutrient cycling by litter decomposition, keeping them in a quick cycle between vegetation and soil, and thus guaranteeing a higher nutrient flow, which is required by the cerradões, as compared to cerrados of less biomass.
In several places of ETZs in Mato Grosso State, typical cerrado and cerradão occur next to each other, under similar edaphic conditions (MARIMON-JUNIOR; HARIDASAN, 2005) . Nevertheless, differences between the two phytophysiognomies, mainly due to the floristic structure of the vegetation , may result in variations in litterfall, which represents the main organic part of the soil.
Studies of allocation of the net primary production (NPP) in tropical forest ecosystems suggest that the measurement of annual litter production is a good indicator of NPP (ARAGÃO et al., 2009; GIRARDIN et al., 2010; MALHI et al., 2011) . Litter production and the return of nutrients through decomposition is a fundamental process in the maintenance of vegetation on tropical dystrophyc soils (VITOUSEK; SANFORD JR., 1986) . In this sense, we describe differences on litter increase in a cerradão (forest formation) compared with typical cerrado (savanna formation) in the transition of Amazonia to Cerrado, in order to understand how the cerradão recycles the produced organic matter. Litter production is the product of the interaction between climatic and edaphic factors and of the physiology of each species, culminating in a special dynamic of organic matter cycling by the vegetation (MARIMON-JUNIOR, 2007) .
In this case, the floristic composition ends up being one of the most important factors, exerting a large influence on the biogeochemical cycles, such as the decomposition of the litter layer (WARDLE et al., 1997) and the return of the nutrients to the vegetation. In other words, the larger biomass area of the cerradão when compared to the typical cerrado (MARIMON-JUNIOR; HARIDASAN, 2005; FRANCZAK et al., 2011) and the hyperdynamics of the vegetation may be increasing the processes tied to nutrition of the cerradão vegetation through the contribution of litter.
Based on these processes, we established the hypothesis that the cerradão, because it has a higher biomass and an accelerated dynamics of the vegetation, results in higher litterfall when compared with adjacent typical cerrado. This hyperdynamics ecosystem process of the organic matter may be the key to understanding the maintenance of vegetation with forest size on dystrophyc soils, which normally are typical of savanna kind formations of cerrado and rarely of forests. Those edafic conditions, due to the poverty in nutrients, theoretically could not sustain a forest vegetation of larger biomass such as the cerradão, except through the existence of an efficient recycling system, which is what we tried to show through this work.
MATERIAL AND METHODS

Site description
We did the study in the Municipal Park of Bacaba (MPB), Nova Xavantina municipality, MT (14°42'02,3"S and 52°21'02,6"W) (Figure 1 ). In the MPB, the physyognomy is that of a typical cerrado, followed by that of cerradão (forest kind cerrado), gallery forest, field and swampy area. (MARIMON et al., 2001; MARIMON-JUNIOR; HARIDASAN, 2005; ABAD; MARIMON, 2008) . Cerradão (CD) and typical cerrado (TC) occur side by side in the MPB. The soil in these formations is a Oxisol, with similar acidity levels, high amounts of exchangeable Al and a low base saturation (Table 1) , which reveals strong fertility restriction.
The area lies in the transition Amazonia-Cerrado, formed by the intrusion of the Amazonian Forest through the Sedimentary Lowland Plain of Bananal, which characterizes the depression betwe- en the Goiás Central Plateau and the Parecis Plateau (BRASIL, 1981) . The climate is Aw according to Köppen, with well-defined dry (April to September) and rainy (October to March) periods (SILVA et al., 2008) . Mean annual precipitation is 1,500 mm and mean temperature is 25.4°C (MARIMON et al., 2010) . Table 1 . Soil attributes in cerradão (CD) and typical cerrado (TC) in an Amazonia-Cerrado transition zone, Nova Xavantina, Brazil. Depths collection from 0-10 and 10-20 cm; CEC= effective cation exchange capacity; V(%)= base saturation level; SOM= soil organic matter. Adapted from Marimon-Junior and Haridasan (2005) . Tabela 1. Atributos do solo no cerradão (CD) e cerrado típico (TC) na zona de transição Amazônia-Cerrado, Nova Xavantina Brazil. Nas profundidades coletadas de 0-10 e 10-20; CTC efetiva; V (%)= nível de saturação de bases; SOM= matéria orgânica. Adaptado de Marimon-Junior e Haridasan (2005) . 
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Annual litter production
To quantify the annual litterfall, we placed 30 collectors of 60 cm diameter distributed randomly within one hectare in each phytophysiognomy (Figure 1 ). The sampled area lies within that recommended for samples of litter production, which considers a minimum of 20 collectors with a minimum of 60 cm diameter each (PROCTOR, 1983; MARTINS; RODRIGUES, 1999) .
Collections were done monthly for three years (2011, 2012 e 2013) . Samples were separated into leaves, reproductive organs, fine branches and miscellany. Litter was quantified to constant dry weight after drying in an oven to 70°C and weighing on a precision scale.
Data analysis
Analysis of variance was used (One way ANOVA) to determine the litter found along each year period. Total litter and biomass of the fractions were defined as being variables dependent on the months. The choice of this analysis was justified by the many category variables involved (ZAR, 2010) . ANOVA with repeated measures was used, in order to compare litter production between CD and TC. This kind of ANOVA verifies distinctions of measures evaluated on several occasions, as in the cases in which sampling is done repeatedly on the same sites along a time gradient (GIRDEN, 1992) , as is the case with litter production.
When there were significant differences, a Tukey test was applied later to identify monthly/yearly differences between months/years and phytophysiognomies. The residue normality was tested through the Shapiro-Wilk test, and the homogeneity of the variables through the Levene test, as these tests were more robust for the analyses made. Where no variance homogeneity was found data were transformed into Log 10 (ZAR, 2010). Where assumptions were not met, ANOVA the Welch F test was used for unequal variances (ZAR, 2010), followed by the Tukey test. Analyses were done through the PAST 2.15 Program (HAMMER et al., 2001) .
RESULTS
Litter production in cerradão was higher than that in typical cerrado during the whole study period (Table 2) . During the three years sampled, CD yielded about double what was found on TC. The leaf fraction contributed with a higher percentage to the total production in both phytophysiognomies. Reproductive parts, fine branches and miscellany were also different in both kinds of vegetation in the years 2011, 2012 and 2013 (Table 2) .
The highest litter production months in CD compared to the other months, were August 2011 and 2013, with means of 1.29 and 1.50 Mg. ha , respectively. However, in both years there was no difference for the months July and September (p>0.05) ( Figure 2E ). In 2012, highest litterfall was in September (1.81 Mg.ha Means followed by the same lower case on the line do not differ.
Médias seguidas da mesma letra em minúscula na linha não diferem entre si. Taking into account that the foliar fraction (Figure 2A ) predominated in the litter of both phytophysiognomies during the period of sampling; production peaks were also similar to the total litter produced. However, the fraction of reproductive parts ( Figure 2B ), fine branches ( Figure 2C ) and miscellany ( Figure 2D ) did not follow this trend.
On TC, the month of August yielded the highest mean of total production in the three years sampled, with 0.84; 0.88 and 0.92 Mg.ha ) ( Figure 2E ). When comparing total litter production and the fractions during the three years, cerradão always presented higher values than did typical cerrado (Figure 3) . 
DISCUSSION
For the cerradão the total litterfall in the three years of sampling was higher than that registered by Cianciaruso et al. (2006) and Giácomo et al. (2012) .year -1 (ROCHA et al., 2013) . One of the main reasons for higher estimates could be associated to the cerradão hyperdynamic, as seen in the work of Marimon et al. (2014) . These authors, after extensive work on the forest vegetation dynamics along the contact of Amazonian forest with Cerrado, showed for the first time that the transition belt of the ETZ corresponds to an immense hyperdynamic belt of transitional forests to the east and south of the Amazon forest, which includes the cerradão from this work.
The fact that the tree populations in the transition zone between the Amazonia and the Cerrado Biome are more dynamic than those found in the central region of Amazonia (MARIMON et al., 2014) , can be reflected in the energy flux, nutrient cycling and carbon cycling. Therefore, the hypothesis of more litterfall in the cerradão has support. It is important to point out that, while they occur in the same physiographic unit and with similar soil properties, the main factor for the distinction between cerradão and typical cerrado is the structure and plant composition of the vegetation (MARIMON-JUNIOR; HARIDASAN, 2005) .
The differences can be attributed to the key species in the community, which are important for the biogeochemical cycles, such as production and decomposition of litter (ISBELL et al., 2011) . In the CD, Hirtella glandulosa Spreng, Tachigali vulgaris L.G. Silva & H.C. Lima and Xylopia aromatica (Lam.) Mart. make up approximately 30% of the total IVI (importance value index), where T. vulgaris is the key species in the process of vegetation dynamics . For the TC, the most important species were Qualea parviflora Mart., Davilla elliptica A. St. -Hil. and Roupala montana Aubl., which together added 20% of the total of IVI . These results reveal a large floristic difference between the areas and a lesser tree dominance in the typical cerrado, with a larger participation of only one species as a key element of the dynamics of the cerradão.
These differences were also found for fundamental aspects connected to phenological characteristics. The most important species of TC in this study showed a phenological adjustment related mainly to water availability (SILVÉRIO; LENZA, 2010). The covering of the crown of each phytophysiognomy is also a relevant factor. While evaluating transpiration of R. montana in the same sample plots of CD and CT in this work, Kreutz et al. (2015) found that this species which occurs on both the cerradão or typical cerrado, had a higher transpiration rate in the TC. This emphasizes how much the environment can influence the water balance behavior of tree species.
The floristic composition which cerradão has, is the main reason for its accelerated dynamics , and therefore its aboveground biomass gain and litter production. It can be concluded that the hyperdynamics of this vegetation is reflected directly in the larger amount of biomass given to the ground through litterfall. In this case, the larger dynamics of the vegetation, given by the tree species of larger IVI, results in larger dynamics of litter production and can thus be connected to the key processes which maintain the cerradão on dystrophic soils. However, studies of cycling, taking into account litter production and decomposition and the resulting nutrient liberation, must still be done to confirm this hypothesis.
The biomass stock of litter was calculated by MARIMON-JUNIOR et al. (non-published .year -1 in TC in 2013, with significant differences between the two areas (p<0.05). Taking the low natural fertility of the soil in both areas into consideration (Table 1) ; both the addition and the considerable amount of material in the litter permit the enrichment of the interface litter/soil. This scenario is fundamental so that there be nutrition of the vegetation even under a low base saturation and a strong limitation of P in the system. In this case, even though the soil is poor, litter is rich in nutrients (OLIVEIRA et al., in revision) , thus guaranteeing a maintenance of the tree component.
Calculations done by Oliveira et al. (in revision) crucial role in carbon stock and balance, as shown by MARIMON-JUNIOR (2007) in work with Brosimum rubescens Taub. in a mono-dominant forest in Nova Xavantina-MT municipality. It is possible that the hyperdominance of a few tree species found in all Amazonia area (ter STEEGE et al., 2013) may be producing a similar effect as found in CD in this work.
The total litterfall in typical cerrado was higher than that found by Peres et al. (1983) .year -1 in study also in typical cerrado in Brasília-DF. These diverse findings in typical cerrado sites are due to the constant climatic and edaphic variations to which the phytophysiognomies are exposed to (BUCCI et al., 2004) ; and are also a result of the variety of Cerrado vegetation forms and densities along the biome (RIBEIRO; WALTER, 2008) and of the transition zone of Amazonia--Cerrado (RATTER et al., 1973) . As happened with CD, TC also has species with a high IVI, which contribute to litter production, as shown by Oliveira et al. (in revision) . According to these authors, species such as Q. parviflora, D. elliptica e R. montana were responsible for the contribution of 20% of all litterfall in 2013.
The foliar fraction, with contributions of over 60% of the total input, was the main responsible for the total biomass formation in both phytophysiognomies. Such a pattern is commonly found in tropical forests, where the foliar fraction contributes with most of the litter produced (VITOUSEK; SANFORD JR. 1986). In this case, the efficiency of nutrient use (EUN) which largely is part of the relocation before senescence and foliar abscission take place (VITOUSEK, 1982) ; is strongly influenced by the foliar fraction of the litter and could also be related to the maintenance of the vegetation in dystrophic soils.
It is remarkable that in the comparison between the peak months of litter production, August was a month of peak litter production in the three years studied in TC. Nevertheless, in CD there was an exception in 2012: when the month of September presented the highest monthly value of biomass in the year. Monthly comparisons along the years confirm a pattern compatible of maximum litter production together with the seasonality described for that region in both phytophysiognomies. The addition of leaves, which represents the largest fraction composing litter, is concentrated in the dry season, thus supporting the strong relationship between deciduity and climatic seasonality for the majority of vegetation of Central Brazil (FRANCO et al., 2005; FRANCO et al., 2014) . The difference in total biomass production between the phytophysiognomies strengthens the difference between forest and savanna vegetation.
CONCLUSIONS
The results found in this study show that adjacent savanna and forest phytophysiognomies belonging to the same physiographic unit are distinct as to litter production. The hypothesis of this work was supported, and the relationship between the hyperdynamics of the vegetation and the litter production is evident. In other words: higher recruitment and mortality and higher individual growth rates of the main species in IVI; result in higher amounts of litter produced and, consequently in a higher cycling intensity. This dynamic state can generate a positive feedback between growth rates, mortality and recruitment and litterfall, intensifying cycling and thus introducing more nutrients back into the vegetation. This could be the main mechanism for maintaining a larger biomass of cerradão in the same kind of soil as in the typical cerrado. This information may be useful for management plans which intend to preserve the integrity of the vegetation of the Amazonia--Cerrado transition.
